). In the ␣ appendage this domain has no function assigned to it other than correctly ously with both as with the heterotetrameric AP complexes [7] [8] [9] [10].
viously shown to be a major binding partner of the ␣ appendage, is shown to bind to the same site on the ␥ appendage as ␥-synergin. The interaction of ␥ appendage with Eps15 explains the BFA-sensitive colocalization of Eps15 and AP1 at the Golgi network, which we demonstrate by immunofluorescence.
Results

Structure of the ␥-Adaptin Appendage Domain
Sequence alignment programs failed to produce a statistically significant alignment of the ␥ appendage domain with the entire sequences of ␣ and ␤2 appendage domains and secondary structure prediction gave no obvious indication that the ␥ appendage was structurally similar to either the amino or carboxy terminal subdomains of ␣ or ␤2 appendage domains. The structure of the appendage domain of ␥-adaptin (residues 704-822) was therefore determined by X-ray crystallography by isomorphous replacement at 1.8 Å resolution. The wildtype protein crystallized in space group P212121 with one molecule in the asymmetric unit. A single site xenon derivative, a weak PtCl4 2Ϫ derivative, and solvent flattening gave an excellent electron density map.
The structure of the ␥-adaptin appendage domain is an eight-stranded ␤ sandwich ( Figures 1A and 1E ) comprised of one eight-stranded and one five-stranded ␤ sheet very similar to that of the amino-terminal subdomain of ␣-adaptin (rms of 1.8 Å over 96 C␣; Figure 1A ). of these are involved in maintaining the architecture of the fold. Of these, seven are amino acids with hydrophobic side chains, which pack the core of the sandwich, ␣ appendage. The appendage domains of ␣ and ␥ as while the other three are vital in maintaining the back-N-terminal GST fusion proteins were used in pull-down bone conformation of turns between strands. Compariexperiments, the results of which were probed with antison of the available ␥ appendage domain sequences bodies specific to known ligands of the various appendfrom human, rodent, Arabidopsis, and fungus shows age domains (Figure 2 ; Table 2 ). The ␣ appendage doconservation of residues mainly within the ␤ strands.
main was confirmed to interact with Eps15, AP180, and The notable exception is the sequence QAAVPK in the also weakly with clathrin ( had at least moderate hydophobic surface potential N-terminal GST fusion proteins were used in pull-down experiments from brain cytosol; the results of which [25] . Unlike the situation with the ␣ and ␤ appendages, no obvious site of high-hydrophobic potential was were probed with antibodies against ␥-synergin and AP2 ligands as described above (Figure 2 ; and summarized revealed.
A variety of point mutations were made on the basis in Table 1 ). Two point mutations were identified that prevented binding of ␥-synergin and Eps15 (A753D and of the structure, mainly in surface residues that did not appear to be involved in maintaining the integrity of the L762E) and one that reduced their binding (P765N). These mutations map to a shallow trough lined with protein fold (see complete list in the legend to Table 1 nucleotide exchange factor (GEF). BFA causes dissociation of AP1 from membranes through its ability to interfere with the GEF catalyzed GDP/GTP nucleotide exdomain, whereas the A753D crystallized in the space change on ARF1 [35] . If proteins such as ␥-synergin and group P41212 with two rather than one molecule in the Eps15 that do not bind to ARF1 show BFA-sensitive asymmetric unit. There are no significant movements in membrane localization, it must be because they interact the peptide backbones of either mutant directly caused with an ARF1 binding adaptor protein/protein complex by the mutations. such as AP1. The effect of BFA treatment on the localizaIn the case of the L762E mutation, the glutamate side tion of Eps15 was therefore investigated (Figure 6 ). Cells chain moves to allow its carboxyl group to point into were treated with ethanol ( Figures 6A-6C ) or BFA (Figsolvent and results in the pocket created by L762, L760, ures 6C-6E), and the staining for Eps15 (Figures 6A, 6B,  and I782 becoming filled (Figure 3) . The side chain of 6D, and 6E) and AP1 ( Figures 6C and 6F ) was studied residue L760 has moved more into the core of the protein using confocal microscopy focusing on the Golgi (Figin order to try and compensate for the loss of the L762 ures 6B, 6C, 6E, and 6F) or the plasma membrane (Figside chain from this region. The A753D mutant shows ures 6A and 6D). Eps15 Golgi staining is lost in the same no significant changes in the side chains that make up way as staining for AP-1 (Figures 6B, 6C , 6E, and 6F), which is consistent with the localization of Eps15 being the small hydrophobic pocket (data not shown). Did the ␥ appendage lose its platform domain or did ␥-synergin or Eps15 is unclear but is most likely to be in using their EH domains to recruit NPF-containing prokDa) two-subdomain appendages on these "large adaptin subunits." Since ␥-and ␣-adaptins are the most teins, including epsin and synaptojanin (reviewed in [39]), needed for AP1-containing vesicle formation. A closely related of these large adaptin proteins (on the basis of sequence alignments of their trunk domains), similar role has been proposed for Eps15 function in CME at the plasma membrane. Obvious candidates for that is they diverged from each other after the divergence of the other large subunits [37] , it seems probable recruitment by Eps15/␥-synergin at the Golgi would be members of the epsin family, which may explain the that the ␥-adaptin once had a two-subdomain appendage but lost its platform subdomain. The high degree of observation that there is a pool of epsin located at the Golgi [24] . The ␥ appendage functions as a site for resequence identity between the ␥ and GGA appendages ( Figure 1D) [30-32 ] clearly points to these domains havcruitment of proteins that play accessory/regulatory roles in AP1-containing CCV formation, which include ing evolved from a common single domain ancestor more recently than the separation of ␥-adaptin from ␥-synergin and Eps15 and, in all probability, further proteins that remain to be identified. ␣-adaptin. The proposal that the appendage domains of ␥-adaptin, ␥2-adaptin, and the GGAs perform the same functions, namely binding to the same protein Biological Implications ligands, is supported by the very high degree of sequence identity between them in the binding site
The structure of the AP1 ␥ appendage has a ␤ sandwich fold. It is therefore structurally similar to the N-terminal (QAAVPKxxxLQL) identified in this work ( Figure 1D) .
The ability of ␥-synergin and the largest isoform of subdomains of the AP2 ␣ and ␤2 appendages, although it performs the same function as the C-terminal subdoEps15 to bind to the ␥ appendage along with the colocalization of AP1 and Eps15 (this work) and of AP1 and mains of these larger appendages, namely recruitment of proteins that play accessory roles in CCV formation.
␥-synergin [29], demonstrated by immunfluorescence microscopy, suggests that these pairs of proteins inter-
The binding site on the ␥ appendage for the established ligand ␥-synergin is situated where the two sheets of act in vivo. This is supported by the observation that the Golgi localization of both these EH domain-containing the sandwich meet and is shown to be the same site where the newly proposed ligand, Eps15, also binds. proteins is disrupted by BFA, a compound that interferes X-ray diffraction data were collected at 100 K in-house on a rotatReferences ing anode (Table 2) 
Accession Numbers
The coordinates and structure factors have been deposited in the Protein Data Bank, accession codes 1GYU (wild-type), 1GYV (L662E mutant), and 1GYW (A753D mutant).
